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Introduction
In this paper we derive bounds on the extinction time distributions of two generalizations of the familiar Galton-Watson branching process -a non-homogeneous (varying environment) branching process and a branching process with random environment consisting of independent but non-identically distributed random variables. These bounds are used to obtain some results on the probability of extinction of such processes.
Suppose that the distribution for the offspring of an individual existing in the jth generation of the evolution of a population is represented by the probability generating function (p.g.f.) gj(s), j O0. If each individual produces offspring independently of the past and present history of the population, then the p.g.f. for the population size Z, at the nth generation is 7n,(s) = [0go(1(.". gn-J(s)'.))]zo, 0 < s < 1, given the initial size Zo (which without loss of generality we assume equals one). A discrete time branching process of this nature has been referred to as a nonhomogeneous Galton-Watson process, or a branching process with varying environment. Jagers (1974) showed that many of the limiting characteristics of the Galton-Watson process are retained by the varying environment process. In Section 2, we obtain bounds for P(T< n) = n,(0) that depend on {g'(1), g"(1), g'(O), 0 ? j < n-1}, where Tis the extinction time of the varying environment process. As a direct consequence of these bounds, we show in Theorem 2 that under cer-tain conditions the probability of extinction q = 1 if and only if That is, the p.g.f. for Z,, in a branching process with independent non-identically distributed environment is bounded below by the composition of the n corresponding expected offspring p.g.f.'s. Thus, 
